AbstrAct
dust storms. One operational definition of a dust storm is an increase in the PM density to greater than 100 µg/m 3 . This information can be determined with monitors which measure PM and the size distributions based on aerodynamic diameters ≤ 2.5 µm and ≤ 10 µm. Other important factors include the path of the dust storm, the season, the area of involvement, and the duration. In general, the density of PM is higher in Southeast Asia, and the frequency of dust storms is greater in these regions than in western countries, such as the United States.
Dust in West texAs
West Texas has many blowing dust events each year. On any given day in the spring months of March, T he composition of inhaled air depends on multiple factors and varies from region to region. Important considerations include particulate matter (PM), biomaterials, such as bacteria, fungi, and viruses, industrial pollutants, such as ozone and nitric oxide, and inhaled metals. 1 The concentration of these components is likely critical to any adverse health effects. Some parts of the world have frequent dust storms. These can be defined by a lack of visibility beyond 1 km or by qualitative descriptions, such as dust in suspension, blowing dust, dust storm, and severe
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April, and May, there is a 42% chance of encountering blowing dust in the El Paso region. 2 Several types of blowing dust events occur in West Texas, some more common than others. These events have several characteristics, including the originating wind direction, the ability to reduce visibility, single or multiple sources of stirred up dust, and wind velocity. 2 All these factors have an important role in the impact a particular storm has on the region and its population. The most common blowing dust events in West Texas occur in the spring months and are created from winds originating in the west, often from the Albuquerque region. 2 These dust events can be detected by meteorologists, but the general population might not be aware of them because it is difficult to observe the associated particulate matter with the naked eye. In West Texas, the "haboob" (Arabic for strong wind) dust storms are what many people in the region regard as a true dust event because it is obvious to any observer (Figure) . The haboob dust events often present with a very dramatic increase in wind speed, visible clouds of blowing dust, and reduced visibility. 2 These storms are rare, making up only about 4.3% of total blowing dust events, but are dangerous to the potential health of the inhabitants due to the reduced lead-time for forecasting and heavy concentration of particulate matter circulating in the air. 2 Blowing dust events are also frequent in Lubbock, Texas. Dust frequently comes from the West and Southwest into Lubbock; this is explained, in part, by an extensive area of erodible bare soil in this region during the winter and spring.
3 Wind speed and soil moisture level based on the Palmar Drought Severity Index are poor predictors of blowing dust events in this area.
respirAtory heAlth effects
Blowing dust events can cause many problems, including acute respiratory disorders. Lin and coworkers studied the associations between PM density and Asian dust storms and emergency room visits in metropolitan Taipei. 5 Asian dust storms were identified by a PM 10 density greater than 100 µg/m³. They found that all-cause and respiratory disease emergency room visits increased as the PM 10 concentration increased. Their results also indicated that the number of all-cause and respiratory disease emergency room visits increased as the PM 2.5 concentration increased. Asian dust storms with shorter durations and smaller size (i.e., less affected geographical areas) also increased allcause and respiratory disease emergency room visits. Asian dust storms were particularly important in the winter season. The highest relative risk occurred during the 2005-2008 period at PM 10 densities > 50 µg/m³ compared to a reference density of 10 µg/m 3 . This risk (1.46; 95% confidence interval: 1.21, 1.75) occurred in mathematical models that included Asian dust storms and did not include Asian dust storms. Kang et al studied the association between Asian dust storms and pneumonia hospitalizations in Taipei. 6 They found a significant increase in the mean number of pneumonia admissions on Asian dust storm event days and post-Asian dust storm event days when compared to non-Asian dust storm event days. These results were adjusted for ambient temperature, SO 2 This storm had a peak PM 10 density of approximately 11,000 µg/m³. There was a significant increase in the number of asthma emergency center visits, all-cause visits, and respiratory disorder visits. This was particularly true in patients ≥ 65 years old and patients ≤ 5 years old. There was no change in a number of hospital admissions.
Lanzinger et al studied the association between ultrafine particles (20-100 nm) and ultrafine particle counts (in number /cm 3 ) on hospital admissions in five cities in Central and Eastern Europe. 8 This study demonstrated there was a delayed and prolonged effect of ultrafine particle exposure on respiratory hospital admissions in these cities. They also found that cardiovascular and respiratory hospital admissions increased with an increase in PM 2.5 density. Weichenthal et al studied the oxidative burden associated with PM 2.5 and emergency center visits
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for respiratory illness in Ontario, Canada, between 2004 and 2011. 9 The mean 3 day PM concentrations were consistently associated with emergency room visits for all respiratory diagnoses. This was particularly true for children less than 9 years of age who had asthma. The level of glutathione related oxidative potential modified the impact of these small particles but only if the particles were in low concentrations (<10 µg/m 3 ). These two studies indicate that ultrafine particles can have an impact on respiratory health and that particles with oxidative potential can increase the risk for emergency center visits for respiratory symptoms. These two studies demonstrate that any analysis of associations between the environment and health will be very complex and confounded by many unknowns.
Dust storms can carry biomaterials, including bacteria, viruses, and fungi, especially Coccidioides immitis in North America. There is an association between coccidioidomycosis and dust storms in southern Arizona, California, southwestern New Mexico, and West Texas. 10 This fungus grows in the desert soil;
under dry conditions its spores break free during wind gusts and are carried, suspended in air, for long periods of time. 10 Recent climate changes during the last twenty years with increased wind speeds and less rain, often in the winter months, have increased the number of patients presenting with Coccidioides infection after the inhalation of dust. There have been well documented annual outbreaks of patients presenting with Coccidioides infections following natural disasters which stir up dust and transfer spores. 11 Currently, less than 50% of cases seek medical attention because they have a subclinical illness; the incidence in clinical disease often increases with more dust exposure. 10 The most common presentations are chest pain, cough, and fever. 10 There is also an association between meningococcal meningitis and Saharan dust storm intrusions into West Africa. This might be explained by extremely dry air causing damage to the pharyngeal mucosa which increases the opportunity for bacterial invasion. There is no information supporting this association in North America. Prolonged dust exposure can also lead to conjunctivitis and dermatologic disorders.
Figure. Dust storm in West Texas
Dust storms occur frequently in the spring and late fall in West Texas. These storms have the potential to cause acute exacerbations of asthma and chronic obstructive pulmonary disease. In addition, they may just increase respiratory symptoms from nonspecific irritative effects and increase healthcare utilization, including emergency center visits. Some patients exposed to intense dust storms have developed acute respiratory failure requiring mechanical ventilation. 12 A study published in 2013 by Panikkath reported four cases of multilobar lung infiltrates secondary to exposure to a recent dust storm. These patients all presented 2-3 days after a haboob storm with cough; they also had "dusty" sputum, severe shortness of breath, and hypoxemia. Two patients required mechanical ventilation, and one patient died. 12 The patients had negative sputum and blood cultures for bacteria and fungi. The pathogenesis of these acute respiratory disorders is uncertain. These cases may reflect overwhelming particulate exposure resulting in sterile inflammation in the alveolar spaces. These cases were called the "the haboob lung syndrome"; this study demonstrates the potential morbidity and mortality these events can have in regions where haboobs are common.
Crooks et al recently studied the association between dust storms and county level non-accidental mortality in United States between 1993 and 2005. 13 Information on dust storm activities was obtained from the US National Weather Service storm database. County level mortality data were obtained from the National Center for Health Statistics; mortality rates associated with dust storms were compared to nondust storm reference days. The total non-accidental mortality rate increased by 7.4% modelled with a twoday lag period and by 6.7% modelled with a three-day lag period. The average mortality increased by 2.7% over a lag period of 0-5 days compared to non-dust storm days. There was significant associations with between dust storms and cardiovascular mortality in United States and in Arizona. There was not an association between dust storms and respiratory mortality; this result may be explained by the small number of cases of respiratory mortality.
conclusions
Encountering a dust-blowing event in West Texas and the Southwest United States is unfortunately common, and these particular storms are increasing in frequency. Inhalation of dust can cause direct health effects, which range from transient cough to acute fungal infection to acute respiratory failure. Coccidioides immitis is a fungus found in the soil; clinical infections have a strong association with blowing dust events in the Southwestern United States. Blowing dust events can cause significant morbidity and mortality in the general population causing acute respiratory failure and exacerbations of chronic respiratory diseases, such as asthma and COPD.
The potential health effects of these events can be deadly and cost millions of dollars in health care spending. Weather forecasting and public education can reduce the frequency of health hazards associated with dust storms. The key to protecting the population from the dangers of these events is prevention, and avoiding high concentrations of dust is essential. Simple masks can reduce particle deposition.
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